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Making silicate grinding wheels Finishing room where wheels are trued up 

The Toolmaker's Tools 
The Modem Art of Grinding, and How the Wheels That It tJsesare Made 

By W. F. Sutherland 

' X T HEN man first learned the art of working 'bronze 
V V and later iron he no doubt cast around for some 

suitable stone on which to give the finished tool or 
weapon a keener edge. Later on after the invention 
of the wheel and axle the fashioning of a gritty stone 
to a circular shape and its mounting on a circular axle 
came as a matter of course, but while other mechanical 
processes have undergone continual change and better
ment the art of grinding has remained, until a few 
short years ago, much the same throughout the ages. 

Today precision grinding is perhaps the most im
portant machine shop process, for without it the auto
mobile, the airplane engine and countless other stand
ardized mechanisms would be impossible. Together 
with the accuracy possible with �he modern grinding 
machine goes the usefulness in general of the abrasive 
wheel for rougher operations and in the combination 
of these two functions is found an instrument, without 
which modern industry would almost cease to function. 

This is all the more remarkable since it can be safely 
said that modern grinding practice is hardly more 
than twenty-five years old. The modern abrasive 
wheel has kept pace with the development of grinding 
machinery and the increasing number of fields in 
which grinding finds a high degree of usefulness. The 
development of artificial abrasives and the ,care now 
used in incorporating (hem into the finished wheel 
bave given the user a wide range of whE'els with which 
be can grind anything from rubber to the hardest 
steel. 

Aside from the natural grit stones found in every 
part of the world, emery has perhaps been in use for 
the longest time. Emery occurs as a granular or mas
sive dark colored rock having much the same appear
ance as iron ore. It is usually associated with the 
oxides of iron and in addition to these sometimes con
tains quartz, mica, tourmaline, etc. Indeed emery 
may be regarded as a rock rather than a 
definite mineral species. 

The chief sources of emery are found 
in the old world, the island of Naxos hav
ing important deposits which have been 
worked from a remote period. Turkey 
contains large deposits and the island of 
Madagascar also has some emery. Emery 
is also found in several localities in the 
United States. 

Emery is only a very impure form of 
corundum, a mineral composed of alu
mina (Al.O.) and which forms in some 
of its finer varieties valuable gem stones. 
The finely colored transparent varieties 
include such varieties as the ruby and 
sapphire, while the impurer and granu
lar forms are known as emery. The term 
corundum is now more or less restrictE'd 
to the remaining varieties which while 
they have a crystalline structure are not 
of value for ornam"ntal purposes through 
their poor appearance. 

It is these latter varieties which make 
8 valuable abrasive and corundum, under 

various trade names, forms the basic material of one 
large branch of abrasive wheel manufacture. The 
corundum used is either mined or produced artificially 
in the electric furnace, the latter becoming more and 
more the source of supply. 

The largest deposits of natural corundum as dis
tinct from emery are found in the province of Ontario. 
Three distinct outcrops have been observed, OJl.e of 
them being about 103 miles long by about 6 miles wide 
at its widest point. The corundum is found scattered 
through the rock in the form of six-sided prisms, some
times of considerable size. 

While alumina is generally conceded to be the third 
most important constituent of the earth's crust, being 
only outclassed by silica and oxygen, its occurrence 
in crystalline form is not so wides;>read as one might 
suppose. Cotundum however is by no means a rare 
mineral, recent explorations and examinations having 
revealed important areas of corundum-bearing rocks 
throughout the world. 

It is generally conceded that man cannot equal Na
ture's handiwork in many particulars, such as paint
ing the lily, but while this is true it i s  given to him 
to rival her in other respects. Such is the case when 
it comes to abrasives, and not only is it possible to 
produce artificially a corundum having more desirable 
properties than the natural but it is also possible to 
produce another abrasive of an entirely different na
ture not found anywhere in a natural state. This lat
ter product is carborundum, a compound of carbon 
and silicon. Both the artificial corundum and carbo
rundum are produced by the same means in the electric 
furnace. 

In the making of artificial corundum, bauxite ore is 
used. the same substance from which aluminum is won, 
but of slightly lower alumina content. In appearance 
not unlike ordinary clay. it differs from it in the 

The kilns in which vitrified wheels are fired 
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I:Juch higher content of alumina present, that used for 
abrasive manufacture having a repres<;,,�ative analysis 
of about as follows: alumina, 55 per cent; silica, 8 
per cent; ferric oxide, 4 per cent; and titanium oxide, 
1% per cent. The bauxite used in the manufacture of 
abrasi ves at Niagara Falls is obtained in Geore-ia, Ala
bama, Arkansas and Tennessee. Large depos'.� are 
also found in France and British Guiana. 

The major portion of the bauxite used in \mer nan 
industries comes from Little Rock, Arkans!i", W' .re 
open pit mining is carried on and steam shov_1s :t 
the material into cars for transportation or caCl� .ng. 
As bauxite contains combined water, this has _, )e 
driven off before it can be used for aluminurr )1 
abrasive manufacture. The aluminum companies cal
cine the ore before shipment while it is the practice of 
the other companies to calcine at the furnace plant. 

All the companies manufacturing aluminous abrasives 
have their furnace plants located within a few miles of 
Niagara Falls on either the Canadian or American 
side. Cheap power in large quantities is a necessity 
for electrothermic work and the advantage of the 
Niagara District in this respect is clearly shown by 
the number and variety of the industries located there. 

While the use of the electric furnace in the produc
tion of corundum is necessitated primarily to crystal
lize the alumina, it also performs certain other func
tions and enables chemical reactions to be carried on 
which free the raw material from the silica and other 
impurities present. 

It will be noticed from the analysis given above that 
considerable silica with some iron and titanium oxides 
are present in the crude bauxite. Since the product 
desired is crystalline alumina, these must be removed 
and for this purpose coke and iron borings are added 
to the calcined bauxite before it is furnaced. In the 
rea<:tions which take place, the silica, together with 

any iron and titanium oxides which are 
present, is reduced and forms an alloy 
with the iron which has been added. The 
result is ferro-silicon of about 11 to 20 
per cent grade and this is a valuable 
by-produc1, especially so during the period 
of the war. 

Pit-type furnaces are used as will be 
seen from the accompanying illustrations. 
The furnace consists of a refractory bot
tom and the four side walls of brick, 
mounted on a steel truck. These sides 
never come into contact with the molten 
alumina, as it is so refractory that it  
forms its own furnace lining. The carbon 
electrodes hung on supporting gear are 
moved up and down automatically by 
electric control in such a manner as to 
keep the current which flows through 
them and the bath at a proper value. 

The charge is fed in gradually and at 
the end of about 30 hours' operation the 
furnace is full of an intensely hot fluid 
mass. The alumina floats on top while 

(Continued on page I!JU) 
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"Satisfaction to the Purchaser" is the policy of 
the lVlonarch organization. From the depart
ment for the purchase of raw material through 
the entire production department and into the 
sales organization this influence dominates. 
It is clearly apparent in the final drastic inspec
tion which every .Monarch Lathe receives before 
receiving its final Okay tag. 

. 

The success of this policy is best demonstrated in the fact 
that a large percentage of the yearly sales go to present 
users. Each year the Monarch organization builds and sells 
more Monarchs than there are Lathes produced by any 
other High Grade Lathe Manufacturer. 

The Monarch Machine Tool Co. 
Sidney Ohio 

For·Gunsmiths, Tool Makers, Ex
perimental & Repair Work, etc. 

We are minen and shippeBof Crude AA�tOs in<ltny 
quantity. We 'produce all Cl'ades at our w6rld famous 
BELL ASBESTO&MlNES in Clinada. Wealaocarry 
fibres, spin yarns'" weave clothe, Ilnd make all aorta of 
Asbestos productL 

From 9-in. to 18-in. 
swing. Arranged for 
Steam or Foot Power, 
Velocipede or Stand
up Treadle. 

W. F. I: J. Bame. Co. 
Established 1812. 

1999 Ruby Street 
Rockford. III. 

For anything you want in Asbestos, turn to-

KEASBEY & MATTISON C.OM�ANY 
OEPT. B-1 

AMBLER, _"�N"���Jf.'�!"'� ,.(� . 
OWners of !h. �d'�.1��n,hiit:��i 

Behind the Motion-PictJlr.e�Scree1l 
THE mysteries of the "Movies" are 

'
bar.ed at last . It 

has remained for Austin C. Lescarboura of the Edi
torial Staff of the Scientific American to undertake the 

task of answering the thousand-and-one questions con
stantly being asked by screen "fans" .,and aspirants to 
screen careers, in his book entitled, "Behind the Motion
Picture Sreen." Among the subjects <;overed in his work are: 

Scenarios. The Director and His Work. Motion-Picture Acting. 
Motion Picture Cnmeras and How They Work. The Cameraman. In 
the Land of Make Believe. StudieS. Mob Stuff. Tricks of the Screen. 
l.aboratory Work. Pictures in Natural Colors. Microscopic Subjects. 
Talking Pictures. Animated Carto�>ns and Sculpture. Motion Pictures 
in Odd Field •. · Motion Pictures in' the Home and Business. Present 
Status and tbe Future of l\Jotion Pictures. 

. .. 

Thi� book has heeft'��n>1 a simple. Interesting. and instruc
tive style. It is not techn�l; yet it cover'. all phases of the ' screen 
'",rt ' in; I'n accur",te anc! unJ?iased manner. 'Pictures? Certainly; this 

�k 'I� . thii� , ill�tA.!i" book �on ' ,the · lII>bject-cO�.:301) �ictures, Ind<;ed •... e'l1'llty rli'l!.t-�an<\ 
pqe ;s a " . ' '
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More Starting Power for the Steam 
Locomotive 

(Continued from paoe t95) 

the reverse lever in the corner, and 
when the locomotive cylinders are 
getting steam. After steam is ad
mitted to the cylinders the crank-shaft 
pinion transmits its power through an 
idler gear to the trailing axle. Hooking 
up the reverse lever two notches or more 
automatically disengages the �booster and 
brings it to rest. 

The booster puts any locomotive with 
trailing wheels into the next class aboV(' 
in starting effort, because the trailing 
wheels act' as an additional pair (If 
drivers. On freight trains this means 
more tons per train because of greater 
starting effort, and avoids damage to 
equipment because of a smooth steady 
start. On passenger trains it means 
smooth starting and quick acceleration to 
road speed. This adds to the comfort of 
the traveling public, protects the equip
ment from damage, and renders schedules 
more easily maintained by avoiding de-
lays in starting. . 

The Disaster to One of OUt Latest 
Submarines ' . . . 

seconds. Subtraction of the first time 
from the second'· 'gave 1 minute, 31 and 
83-hundredths seconds-the exact time of 
the lap. This operation was repeated for 
each lap, the fastest lap being negotiated 
in 1 minute, 30 and 8-hundredths seconds. 

The tape, shown in one of the accompa
nying photographs, on which DePlllma's 
four record breaking laps are rll'corded, 
shows the following figures: 

Hours Min- Sec-
utes onds 

End fourth lap. 6 56 21 
End third lap .. 6 54 51 
End second lap . 6 53 20 
End first lap ... 6 51 50 
Start first lap ... 6 50 18 

Total time, 4 laps, 6 minutes, 
one-hundredths seconds. 

Lap time-First lap, 1 :31 :83. 
lap - 1 :30 :67. Third lap ....;., 
Fourth lap-l :30 :08. 

Hun-_ 
dredths 

31 
23 
73 
06 
23 

3 and 8 

Second 
1 :30 :50. 

The Toolmaker's Tools 
(Continued from paoe SOt) 

the molten ferro-silicon remains at the 
bottom. When the furnace is full it is 
pulled out of the way, the alumina al
lowed to solidify and .the sides taken off. 
The, .pig as it is called is then removed 

(Continued frcm paoe t9B) and : ·allowed to cool. Several of the fifteen to twenty feet of the stern of the companies tap' the molten corundum and craft above water. She was 'brought up operate 'each furnace continuously alto this poSition by 'blowing the water from though the majorIty use the intermittent 
t·he after trimming and ballast tanks. type. ' . 

The crew .now made heroic efforts to The pig, now fusE!d"'and .. crystalline co-
cut through the shell of the vessel, which rundum, is broken 'up arid ),ent' to the 
is here about three-eighths of an inch in finishing plant where the m'ateDal is 
t·hickness. Breast drills and ratchet drills crushed, refined and made' ready for 
were used, aided by cold chisels, hack- wheel manufacture. Much depends upon 
saws and a heavy electric drill. Thor- the skill with which the furnace is op
oughly soal,ed to the skin, rendered dizzy erated. The size of the crystals, 'their 
by gas fumes, and without any food. the freedom from impurities, etc., all play an 
men, in the words of Commander Coolre. important part in the quality of the fin
"fought like heroes for their free(lom and ished product. Carborundum is another 
lh·es." He tells us that when the cur- product of the electric furnace and is of 
rent was turned on the electric drill, a interest in that it is never found in na
large part of the power passed through ture hut is purely an artificial product. 
the body of the man opera ting it, "knot- Its commercial production is due to E. G. 
ting his IlIllscles, hinding his arms to his Acheson, who in] 891 made the crystal
side and subjeetillg him to excruciating line carbide of silicon in carrying out 
agony." Finally, by Thursday moruing, some experiments on the crystallization of 
the crew ·had cut a small hole, and man- carbon. 
aged to make the signals already referred The raw materials used in the making 
to. By Wig-wagging this signal the�' at- of carborundum are quartz or silica, 
tracted the attention pf the "Alan thus." coke, sawdust and salt. The sawdust is 
which gave an alarm and, finally, thl'ougll added to make the charge porous and to 
the efforts of the (TeWS of this vessel aii(f pertni t the escape of the c;u'bon monox
the American liner. "General t;eorge ide formed dur.ing the reaction. The 
Goethals," food, water and fresh air were raw materials are heaped up arou»d a 
passed to the crew and a suffiCiently large central core of carbon or graphite and 
hole was C'Ut to release them. the heat generated in the furnace by the 

The disaster was due to the failure to passage of electric current effects the 
close the outboard air valve from the cOIH'ersion of the carb.on and silica of 
control room. In future this valve will the charge into carboruildum or silicon 
be closed I,c/ore the order is given to carbide. The' salt is added· to remov€' 
dh'e. The vuh'e being ot)en •. as .l;lOO.n as the inipurities' in the coke and sand, 
the vessel submerged the water found its such as iron, .by .the 'formation of .volatilE.> 
way in through the induction valves in the <;hlorides. 
various compartments. Fortunately the .On dismantling a carborundum furnace 
motor room "alve was tightly closed, but after the completion' of a . run a great 
the valve in the engine room was not variety of products is found .. The carbon 
full�' closed down and leakage occul'l'ed core is completely converted into graph
here. The valve in the torpedo room was ite and is surrounded by a ring of crys
open, or only pat'tially closed, and the tallized carborundum. Next to this is a 
quick flooding of that compartment fl('- layer of carhorundum powder while out
curred. The inqniry "'hich will he held side this again is a ring of siloxicon or 
will determine defini tely. whether there I fire-sand which is a compound of silicon, 
was panic in the tOl'!ledo room and a carbon and oxygen. This latter Is used 
failure to reali7.e that the "ah'e had not largely as a refractory suhstance. 
been driven 'home, and whether a proper From the above it is seen that the tem
effort was made to ('\o�e it -before the lllen perature pla)'s an important part in this 
escaped through the hulkhead. reaction and it has been found that the 

.Timing the Hundred-Mile-Per
Hour Racer 

range within which the carborundum is 
formed is from 1,550 to 2,200 degrees 
Centigrade. 

Artific1'al corundum and carborundum, 
(Continued from page e99) hoth of which are sold under a ' multi-

minutes, three and eight one-hundredths tude of trade names, form "the bnsis of 
seconds, for an average speed of 99.65 'the modern'�"'abrasiv.e industry ifid are 
miles per hour. At the start of the quali- applied ,. to .;u��s:; best adapted .: ,tt�. their 
fying trial he crossed the wire at. a time e.haia� _stfcii",;A.ltimlnous 11.1>�a.!'.l}'jN find 
recorded by the clock. as �"b()U.r:l!,·5{) min- their greatest u!le .1n th�wt�i{ltiRi'� sub
utes, 18 seconds, and 23-hundredths sec- sta�lces like§te,eq;i). ' ejf;' . Chara:����f,cs, 
onds. When he completed the ,first lap whIle carborunrtum Is 'lIS�d to a ',g.\:�ater 
the timing instrument registered 6 hours, extent on cast IJon and In the n1!hi9nry 
51 minutes, 50 seconds and 6-hundre'dths I trades. . 

"!!', ,,!.-: > 
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SIMONDS 
! SAWS I 

Edgeholding 
The outstanding quality 
of all SIMONDS Saws, be
cause of their special saw 
steel made in SIMONDS 
own crucible steel mill. 
Hang correctly and easily 
in the hand. 

Simonds Manufacturing Co. 
Fitchburg, Mass. 

"TIl. SaUl MaIwr •• EatalJi.Ite<l1832" 
Chicago, Ill. Vancouver, B. C. 
New York City London, Eng. 
Portland, Ore. Montreal, Que. 
Lockport, N. Y. Memphis, Tenn. 
New Orleans, La. Seattle, Wijsh. 
San Francisco, Cal. St. John. N. B. 

Both make valuable refractory sub
stances and, in passing. carborundum 
brick is now being successfully used as a 
lining for boiler furnaces.. Carborun
dum is also used in the elimination of 
gases from steel since it acts as a pow
erful de-oxidizer. 

In the making of the actual wheel a 
variety of, bonding materials, which serve 
to hold the abrasive grains together, are 
used. The greater portion of the wheels 
is made by the vitrified process. Suitable 
clays and fluxes are mixed in the proper 
proportions with the grains of abrasive. 
After the mixture is just right it is poured 
into molds and worked up and down to 
eliminate air bubbles. The molds rest on 
some absorbent material and the rough 
wheel soon dries partially out. It is then 
rough shaved and the central hole bored 
and is then placed in ovens where all the 
moisture is driven off. 

The wheel is then ready for the kiln 
and the burning process which follows 
resembles that in use for porcelain ware. 
Saggars are used to contain the wheels. 
The saggars are rings of fireclay covered 
top and bottom with fireclay tile. Quartz 
sand is used inside these saggars to pre
vent the flame from reaching the wheels 
while being vitrified. 

The kiln is started with a slow fire 
and is 72 hours attaining the maximum 
temperature of 2,300 degrees Fahrenheit. 
The kiln is then allowed to cool down 
gradually for a period of five days, when 
the charge is drawn. 

The burning process is a delicate one 
and requires much skill. If the tempera
ture is changed too suddenly, the wheels 
will crack and if they receive too much 
heat they will be too hard, while if too 
little, too soft. After beIng fired the 
wheels are trued up and are ready for 
market. 

For silicate wheels the same abrasives 
are employed as for the vitrified process; 
a different bond is used however. Silicate 
of soda or waterglass is the principal 
bonding material used in the manufac
ture of these wheels. After it has been 
thoroughly incorporated with the abra
sive in mixIng machines, the whole mass 
has a thick adhesive nature. It is then 
tamped into molds, a cover put on and the 
whole baked in an oven at about 800 
degrees FahrenheIt. 

Shellac is the principal ingredient In 
the bond of elastic wheels. After the 
mixture has been prepared its consist
ency Is such that If for thIn wheels it 
may be rolled into shallow molds. 
Thicker wheels are molded under hy
draulic pressure or rammed into molds 
the same as silicate wheels. They are 
then baked at a low temperature to set 
the shellac. By the elastic process very 
thIn wheels may be made and used wIth 
safety. Wheels as thIn as 1/32 Inch ar.e 
procurable and find considerable use in 
the cutting of high speed steel. Wire 
mesh is sometimes inserted in them for 
strength. 

Solving the Labor Problem-I 
(Continued from page 304) 

courtesy to and consideration for the 
other fellow. 

"This spirit is, in fact, simply an ex
�mplification of the highest standard of 
real American citizenship." 

The securing of a conditWn of mutual 
confidence between men and Management 
is in our opinion the only way to create 
such a permanent satisfactory relation as 
will make for real stability and .perma
nent prosperity. 

The old policy of suspicion and the at
tempt 'by each side to get what it wanted 
by barter and long-drawn-out and oft
times impossi'ble agreements, or through 
force born of temporary strength of posi-

I 
• tion, has proven a miserable failure for 

(r::===============�1 all concerned. The route "to a condition 

. SIMO'NO.S 
SAW STEEL of mutual confidence" is a long one full 

PRODUCTS 
of weary days and nights and of the need 

_ MIlT SINCE.llIl2 of much of human sympathy and under
standing, of great patience, of much per-

Wire Rope-the Oil Finder 
To try to catch up with the great petroleum shortage, hun
dreds of crews are drilling day and night, sinking narrow 
holes straight into the earth, seeking oil. 
Some Itrike it at a few hundred fed. 
Othera go thoulanda without even a 
promiae. Nearly all depend upon 
wire rope for luch luccel. al finally 
may be attained. 

Cablel for drilling mUit be Itrong 
becaule the tooll often weigh two 
ton .. and the cable in the hole mUlt 
be luatained by the upper portion. 
They mUlt be elaltic to give the 
necellary snap to the tooll to drive 
them into earth or rock at each 
Itroke, and to withltand the ahock 
when the tooll meet no reliltance:. 
They mUlt allo be able to withltand 
eonatant rubbing againlt the aides of 
the hole. 

Such are Broderick & Baacom In
vincible Drilling Cablel. eapecially 
made to meet the peculiar condi
tionl of each oil field. 

There are Broderick & Balcom Wire 
Rope. for every purpoae. There ia 
a grade belt adapted to your own 
needa. 

B. & B. Yellow Strand il of luper
quality for luper·lervice. Thia il 
the rope that eatablilhed uDfrece
dented record. at PaDama. t hai 
one Itrand of yellow to diltinguiah 
it. 

There'l economy in buying "quality" 
wire rope. 

BRODERICK & BASCOM ROPE CO., ST. LOUIS, MO. 
Factories: St. Louis and Seattle. Branches: NerD YorI\: andSealtle 

Warehouses: St. Louis, NeUJ York. Seattle 
Deal ... ill e ... ..,. locaIit7 C48IIA 

�,'-' �< �. /�'- � /"'- �. - . .;;....... ;---.-�.::..=-. ��..::::::::--==- --=..----=---�- '--==---: 

WHERE there'. a temperature problem 
there's a � Temperature Instrume!'t 

Indicating, Rerording ,Controlling-to meet It, 
AolnduBtry IOrl(e8 onward and new problem. 

:�:��\o ��:T�V':Ch c;:rae�e:�':c'i::�l:a,.r:�� 
sutlIclent solutlnn. Thus do we keep atep with 
the march of Industry. 
Tell usyour teml>�rature dlfllcult1ea. 

llykr InsfrumentCompame8 
Rocbeater. N. Y • 

There'. a 7J'- or � TMr� 
for Eoerl/ Purpoa. 

I
N these days of mounting costs, the 

fuel problem in power production is of 
vital interest. Bessemer on Engines 
operate on any 10w-gradefue1 oil, thus 

minimizing operating expense to such,an 
eztent thatthis one reason alone makes a 
Bessemer imperative. But there are many 
other reasons. Write. 15 to 180 H. P. 

THE BESSEMER GAS ENGINE CO. 
14 York Street Grove City, P .. 

BESSEMER 
OIL ENGINES 

© 1920 SCIENTIFIC AMERICAN, INC. 



September 25, 1920 SCIENTIFIC AMERICAN 303 

Gas Control by Machine 
AN extremely sensitive 

1"1. apparatus for the auto
matic control of the nitrate 
plant at Muscle Shoals, 
Alabama, has been developetl 
by the Bureau of Standards. 
'1'he principle of operation is 
radically different from the 
workings of former mechan
isms deSigned for similar 
uses, inasmuch as a sin;,:le 
unit has never before been 
applied to so wille a va
riety of gas mixtures. 

The device has the capac
ity of recording twelve dif
ferent analyses successively 

The wires shown at the left, together with the recording device at the right, analyze and record twelve 
different gases at intervals of one minute without attention 

wheels caused by heat from 
')rake action has been near
ly completed, says the Bu
reau report. A very large 
percentage of car-wheel fail
ures are attributed to 
stresses caused by heating 
of the tread by brake ac
tion, the central part or hub 
of the wheel remaining rel
a ti vely cool. It is the pur
pose of the investigation to 
determine and record for 
adoption the most suitable 
material and deSign of 
wheels to resist stresses of 
this kind. In this investiga
tion the tread of the wheel 

at intervals of one minute, repeating the cycle auto
matically. It can determine the analysis of carbon 
monoxide, hydrogen, nitrogen, carbon dioxide, am
monia and various other gas mixtures. Seven different 
combinations can be unlocked by this apparatus, in
cluding interpretation of flue gases, mine oil, blast
furnace gases, and many industrial gases. 

The operation of the instrument depends upon the 
conductivity of heat through the gases. The wires 
stretched in the axis of tubes placed in the thermostat 
are heated electrically. The temperature contained by 
such a wire depends upon the heat conductivity of the 
gas, which varies with the composition of the gas. 
By comparing the electrical resistance of two such 
wires, exposed to different gases, the composition of 
several classes of gas mixtures can be revealed. This 
comparison is made automatically by means of the re
cording wheatstone bridge shown at the right of the 
photograph. 

The unwieldy frame shown in the accompanying il
lustration is not essentially a part of the automatic 
gas analysis apparatus itself, the framework being 
originally planned to support some auxiliary equip
ment which is not an integral part of the particular 
machine being discussed. The outfit can be conveyed 
from one part of the laboratory to another by a single 
individual. Similar mechanisms are to be installed in 
the helium plants at Petrolia, Texas, and at the hy
drogen plant, Langley Field, Virginia. 

How Uncle Sam Liquefies Hydrogen 
and Then Bottles It 

I
F the seemingly extravagant claim of an Italian 

scientist, that one gallon of liquid hydrogen is suffi
cient to propel an automobile for 250 miles is borne 
out in practice, hydrogen liquefiers may become of com
mon usage in the not remote future. As it is, how· 
ever, the Low Temperature Section of the National 
Bureau of Standards has deSigned and installed the 
first hydrogen liquefier in service in the United States. 

The apparatus, shown at the right in the foreground 
of the accompanying illustration, admits hydrogen at 
a pressure up to 2,500 pounds to the square inch. 
First, it is cooled by liquid air at atmospheric pres
sure, say, a temperature of approximately 190 degrees 
Centigrade; then by liquid air at reduced pressure, 

Improvements in Cast Iron Wheels 

F
OR the railroad,material industry, the Bureau of 
Standards has worked out a number of important 

pr<JIblems. It has completed an investigation of the 
graphitization of white cast iron upon annealing. This 
problem arose in connection wibh other investigations 
of the properties and characteristics of chilled-iron car 
wheels and in particular t'he best range of annealing 
temperatures. 'l1his was brought to the attention of the 
Bureau by one of the car-wheel manufacturers. The 

Hydrogen liquefying device at right and collection 
of Dewar containers at the left 

which produces a lower temperature, and ultimately by composition is so chosen and the wheel is so cast that 
its own expansion through a valve. According to this the tread and inside of the flange show white iron and 
fashion, the boiling point (252.6 degrees Centigrade) the remainder graphitized or gray iron. In order to 
is obtained, a portion of the hydrogen is transformed relieve the stresses set up during the cooling of the 
into a liquid state, and is collected in the Dewar ves- wheel under drastic conditions, the wheels are piled In 
sel located at the bottom of the liquefier. pits while red hot and allowed to cool very slowly. 

is heated by passing an electric current through a 
circular resistor insulated from the tread. The wheel 
remains stationary, thus readily permitting the taking 
of the temperature and strain-gage readings. Consid
erable differences have been found in the behavior of 
wheels differing in design and weight. 

Technical Sponges 

A
SPONGE can be briefly defined as the skeleton of 

certain aquatic animals--naturally there are a 
number of varieties. This skeleton while being fairly 
strong when first used, gradually softens and breaks 
down through use and bacterial action. A patent for It 
tanning process has recently been issued to W. H. 
Allen of Detroit whereby the strength of the sponge is 
greatly Increased and also increased resistance to bac
terial action. The sponge is chemically in the same 
class of material as hides. It is to be inferred there 
is a good fortune for the tanned sponge. 

Domestic Hot Water by Electricity 

A
SYS'l'El\1 of domestic hot water supply by electricity, 

introduced by a British electric company, depends 
on the use of a tank with an electrical heating device 
which is kept always in circuit. As the consumption 
of current by each size of tank is known and constant, 
there is no need for a separate meter, and on the 
assumption that the electricity supply undertakings will 
grant a speclal low rate for the ·heating current the 
amount payable can be found by subtracting this known 
consumption from the total shown by the meter, the 
residue being charged at the ordinary lighting rate. 
The smallest sized tank made takes 150 watts (328 
units per quarter of 13 weeks), and is designed to give 
a daily supply of 10 gallons of water at 150 degrees 
Fahrenheit, which is reckoned to be sufficient for the 
domestic needs, apart from baths, of a household of 
five. For baths it is suggested that the bath room 
tanks should be fitted with a supplementary heater, 
to be switched on when extra baths are required, the 
current it consumes being paid for at the lighting rate. 
The company disputes the statement that electricity 
cannot be used economically to heat water, as com
pared with coal, coke, or gas; it asserts that it is 
true only in the case of small vessels or a pipe system 
having large surface area in proportion to cubiC ca
pacity, and not in the least true in the case of a large 
cylinder so designed as to have minimum surface area 
and a continuous operating temperature well below the 
boiling point. 

What Is the Lamp's Candle-power? 

T
HE double precision photometer shown in the ac

companying illustration is used by the U. S. 
Bureau of Standards in keeping check with the inter
national candle as maintained by incandescent lamp 

The cold hydrogen, not converted into a liquid, Investigation developed that the highest temperature 
serves the purpose of cooling the incoming compressed at which no graphitization of the tread and flanges 
gas, and then returning to the gas holder. Liquid air takes place is about 700 degrees Centigrade, which is 
used for this purpose is produced by the expansion of also the maximum annealing temperature for car 
compressed air within the same apparatus. Solid hy- wheels. standards. The apparatus is the final judge for 
drogen is manufactured by cooling liquid hydrogen, The investigation of stresses in chilled-iron car lamps used by the various Government depart-
being evaporated under re-r:ii_;::::;:;:1iiiiiiiiiiiiiiiiiiiiiii;::::;;;;;:;:::====iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii;;;;;;;:;;;::iiiiiiiiiiii_iiiiiiiiiiiiiiii;;;;iiiii;;;;;;:;;"'::;;===;:;::;;:;::;;;;;;==::::::::;:;:;;;:� ments as well as private in-
duced pressure. terests that may apply such 

Situated on a stand at standards of quality. 
the left in the photograph is Two observers operate 
a group of Dewar vessels the instrument, the lamp 
for holding liquefied gases. stationed upright in the 
The glass containers have middle of the apparatus be-
two or more walls with the ing the basis for applied 
space between highly evac- measurement. Simultaneous 
uated as a way of mini- observations are taken by 
mizing air conduction, and the two observers with the 
are usually silvered to di- test lamps. Electrical in-
minish the transfer of heat struments and adjusting re-
by radiation. The appara- sistances are shown on the 
tus, in toto, lends speculative bench at the right of the 
interest to the announced photograph. Records are 
discovery of the chemist in stamped electrically on the 
Italy, who claims to have recording drums, one of 
found a method of cheaply The Bureau of Standards determines the candle power of electric lamps by means of this double which is shown at the cen-

producing liquid hydrogen. precision photometer ter of the illustration. 
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